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ABSTRACT 

An analysis ot th* XM129 grenade launcher was conducted 
to determine the dynamic loads, the resultant stresses, 
and the operational power requirements.  General relation- 
ships defining the leads were derived.  The equations were 
evaluated at various points.  Power requirements and 
stresses were determined based upon these equations.  The 
results can be used to facilitate the analysis of any 
future design changes. 
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SUBJECT 

A theoretical analyst« was made of the XM129 grenade launcher. 

OBJECTIVES 

1. To determine the load and the stress levels of the various 
functional components of the weapon under normal firing condition«. 

2. To ascertain the operational power requirements. 

3. To provide general relationship« which would facilitate analysis 
of the effects of any future design changes. 

SUMMARY OP CONCLUSIONS 

1. A firing rate of 300 rounds per minute Is obtainable with the use 
of a 3/4 horsepower motor. 

2. The stress level« of the critical component« are well within the 
allowable limit«. 

RECOMMENDATION 

A roller device should be incorporated in the follower stud design to 
reduce friction between the stud and the stud guide. 

1- 
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1. INTRODUCTION 

The XM129 it an automatic, 40mro, grenade Launcher powered by an electric 
motor.  The weapon has • fixed breech end e reciprocating barrel.  The 
operation it controlled by three cent«:  the barrel cam, the locking cam, and 
the feed cam. Chambering it accomplished at th« barrel it driven rearward 
over the round by an Internal drum type cam; this action Inclotet the 
cartridge and disconnects the link from the adjacent round  n the belt. 
At the tame tine, the barrel cocks the firing mechanism. When the barrel 
reaches r.he rearward position, the locking cam provides trenslat ional motion 
to a sliding barrel lock which engages a recess provided ir the barrel. 
After thj firing and dwell portions of the cycle have been completed, the 
barrel is unlocked and driven forward.  The feed cam then functions the 
feed system, which la  a gear end lever arrangement driving a feed slide. 
The weapon cycle is then completed. 

2. PROCEDURE 

a. A dynamic force analysis was conducted to determine the stresses 
and the power requirements.  General equations, defining the theoretical 
loads on the critical components, were derived. The equations ware then 
evaluated and the results tabulated (Appendix A). 

b. The results of the force anaiy^'s were used to calculate the power 
requirements (Aopendix B). 

c. The calculated maximum stresses for the critical components based 
on the theoretical force analysis are given in Appendix C. 

3. CONDITIONS OP ANALYSIS 

Analysis of the RM129 was based upon the assumptions that: 

a, the rate of fire of the weapon is 300 rounds per minute, 

b. total weight of the ammunition belt is 60 pounds, 

e. belt pull is constant, 

d. coefficients of friction are values believed reasonable with normal 

surface finishes and lubrication conditions, 

e. mattet of relatively light components can be ignored, 

£. bodlaa under load are in a biaxial »täte of stress, 

g,  frictional forces of small magnitude can be neglected. 

-2- 
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4.   SYMBOLS 

p Pressure 

Pg (Jear diametral pitch 

Pf CM» driving lorce 

PÄ Ammunition belt pitch 

P_ Horirontal force on feed lever c 

Pt Feed gear cont&ct force 

P, Force on cam follower 
G 

?1 Total ammunition belt load 

Pjj Ammunition belt inertia load 

f\... Force 

Q Link stripping force 

T Torque 

R^... Reaction  forces 

W Weight 

W^ Dynamic tooth load 

Wa Ammunition belt weight per linear inch 

Wfc Total ammunition belt weight 

Vf Feed velocity 

K Link extension rate 

I Moment of inertia 

M Moment 

Y Gear tooüh  form factor 

X Displacement 

X Velocity 

-3- 
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4.  SYMBOLS - Continued 

X Acceleration 

m .lass 

6 Angular displacement 

uj Angular velocity 

aC Angular acceleration 

0,®,Br^ 
Anßle3 

U., «^ Coefficients of friction 

a,b,.... Dimensional constants 
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Schematic of Barrel and Drive Cam 

5.  BARREL AND DRIVE CAM ANALYSIS 

Th« barrel assembly consist« primarily of the barrel end a follower 
stud, which is fastened to the top.  The carrel is guided by a bearing at 
the front and by the receiver at the rear.  The reactions at the points 
are shown on the barrel free bo  diagrams (Sheet 2, Appendix A) as R^, 
R7, ?it  and ?2'     Rotational mot»/n is prevented by the follower stud 
which is guided by a longitudinal slot in a tube encircling the barrel. 
The reaction at this point is designated by Tj. 

In the cam development (Sheet 1 Appendix A), X is the longitudinal 
displacement, R is the cam radius, and 0 is angular displacement. From 
the development, it can be seen that the barrel Is accelerated or decel- 
erated in four areas.  In these areas, the displacement equation is parabolic, 
which results in constant acceleration (Sheet 1, Appendix A). This means 
that, at any particular speed, the only variables in the analysis result 
from the geometric configuration. Maximum forces were determined by use 
of dynamic equilibrium equations derived at the eight points indicated on 
the cam layout, at the beginning ano end of each parabolic segment.  The 
equations were evaluated at these points w th the use of the dimensions 
obtained from drawings and layouts. The r suits are tabulated on Sheet 6, 
Appendix A. 

In the preliminary calculations, an a sumed coefficient of sliding 
friction of 0.2 was used.  This resulted in longitudinal friction force* 
higher thaa the driving force; in which case, the ma Hanism would be self- 
locking. A coefficient of 0.15, however, would give patisfactory results. 
In the field, the presence of dirt, wear, etc., could cause the coefficient 
to reach the 0.2 value, resulting in stalling. Sine«, the major portion of 
the friction occurs at the interface between the follower stud and the guide 
tube, a roller device should be incorporated at this point to insure thst the 
friction remains low. 

-3- 
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Schematic of Feed System 

6. FEED SYSTEM ANALYSIS 

The feed cam is a face cam secured to the rear surface of the cam drum. 
The cam imparts motion to a follower which rotates the teed lever.  The 

rotary motion is transferred through gear segments to the feed arm which 
In turn drives the feed slide.  The feed slide Is guided in the feed tray 
and, by means of a pawl, feeds the ammunition belt. 

The belt load was calculated based on a constant feed velocity (Sheets 
10, 11, 12; /.^pendix A).  An expression was derived (Sheet 13,Appendix A) 
by equating t \e input and output torque- In terms of the cam contact force. 
By us« of this aquation, the point ar which the maximum cam force occurred 
was determined.  Free body diagrams were then drawn for the Individual 
components, and equations relating the forces were derived.  The dimensions 
corresponding to the point of maximum cam contact force were substituted, 
and the forces on each component calculated (Sheets 14 through 17, Appendix A) 

7. F0VE1 ANALYSIS 

The power required to operate the gun at a constant velocity Is composed 
of two "omponents:  the power required to drive the barrel and the power 
required to function the feed system. 

The power is the product of the average torque and the angular velocity. 

-6- 
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7.   POWER ANALYSIS - Continued 

The torque curves are plotted on Sheet« 2 end 3, Appendix B.  The average 
torque is the area under +'»« curve divided by 360 degrees. By use of the 
average torque, the power requirement was calculated (Sheet 4, Appendix I). 
The operating power is 0.70 HP. 

The power required to accelerate the gun to operating speed in 1.25 
revolutions can be approximated (Sheet 5, Appendix B).  The moment of 
inertia of the rotating p*rts was calculated and the accelerating horsepower 
was calculated (Sheet 6, \ppendix B).  The accelerating power requirement 
is 0.49 HP, 

8.   STRESS ANALYSIS 

a. The maximum forces (Appendix A) were used to calculate the stresses 
on the feed system components (Sheet 1-7, Appendix C).  The maximum stress 
developed, ^hich is less than 60,000 psi, is within the allowable limits. 

b. The fui~.es determined (Appendix A) were used to calculate the stresses 
on the barrel lock and on the barrel cam follower (Sheets 8 and 9, Appendix C). 
The stresses here are only 5000 psi (shear) in the lock and 4,400 psi in the 
follower. 

c. The stresses in most of the components are of low magnitude.  This 
indicates that the use of either low strength steels to decrease cost or 
lightweight alloys to reduce weight is possible. 

-/- 
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BARREL FORCE ANALYSIS 

\ ..(8^        INDICATE 

POIMT5     ACT   WHICH 

KAK ~ E L     IS   ANALYZED 

© 

DFVELOPME   NT F        (. A Vt 
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BARREL  FORCE  ANALYSIS   ••   Continued 
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BARREL FORCE ANALYSIS   -   Continued 
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BARREL FORCE ANALYSIS - Continued 
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BARREL FORCE ANALYSIS   -   Continued 
APPENDIX A 
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APPENDIX A 
BARREL FORCE ANALYSIS  -  Continued 
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BARREL FORCE ANALYSIS - Continued 
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BARREL FORCE ANALYSIS       Continued 
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BARREL FORCE ANALYSIS - Continued 
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BARREL FORCE ANALYSIS - Continued 
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BARREL FORCE ANALYSIS - Continued 
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BARREL FORCE ANALYSIS Continued 
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BARREL FORCE ANALYSIS - Continued 
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BARUL FORCE ANALYSIS - Continued 
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FREE     BODY     DIAGRAM       OF      CAM     FOLLOWER   AND   GEAR 
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^ M ^  = O 

L   PT COS ß  +  M PT    S i N   ß   - fc. P D   SIN^JPc  COS 

K><APDCOS4>   t-   JXAPD    S I M <£ = O 

EQ. !0 
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BARREL FORCE ANALYSIS - Continued 

r  ROM   LAYOUT    OF   ASbEMB L. Y     A r    POINT    @ 

4> = - 5 o a . ! 9 e -  i  H. u - !   ■    i    °> o 9 

L) 4.c! t   - ,_. o K   " c  B ' n   -. t"      ! 

C = .2 5 <o   -   .   7 L . B P '-     i 

J ^ -dS h - ■ ■. r M    - . <* S <A   j ■   .Ob 

PROM      FQU\ r l O tsi S 1      -*   *4- 

pt = . ■«: -* *F 

R,s,3.25ff 

R£ =1Z8.2  1F 

mx= ^. o  =tr 

PROM     EQUATIONS      5" —»  7 

Pr =   553f 

5c3^=-   9 3   4£ 

PROM    EQUATiOMS    S —» I O 

PD   =  F 7 5" 4* 
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POWKt ANALYSIS 

TORQUE     REQUIRED      TO      Dfc.VE       BARREL 

T .;   tQi)E = FR 

W H E k E : 

F     :CAM     DRIVING      E Q R C E    (   T A,K^ 1 O t  N T ' | /\ L ) 

? - JAM      RAD   JS 

V A ■.   WES      E O R      E     W ERE      1 A k t   N       P" R O M      '"ABLE     L 

AND      THE     T O R v3 U E      CURVE     P LOTTED     OM   5H E E T 

A V   E k A va El        TütUUE      IS      T H E.        AREA       U N DER      THE 

:JRVE      DIVIDED     BY    3io° 

AVERAGE:    TORQUE   -TO       IN-^ 

TORQUE     REQUIRED    TO    FE ED 

T CRQUE    =    5 R 

WHERE: 

S=CAM     DRIVING       FORCE    ,   TAMGEMTIALJ 

R=CAM     RADIUS 

VALUES     FOR     5       WERE     T A k E N       PROM      TABLE    jj 

AND      VALUES       FOR        R     FROM      DW6.    5A-D-4929I   . 

TORQUE.      CURVE     IS     PLOTTED     ON    SHEET 

AVERAGE:     TORQUE      -   Si      i Ni • ^ 

TOTAL     AVERAGE     TORQUE       TVw      ^   |   SI      \ M   * ** 
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POtftt ANALYSIS 

HORSEPOWF.k REQUIRED TO O P E R- AT E G» U N 

AT "SOO       fc • F». M. 

M .   L . . —  
UU  c. L" O 

w H E R. EL   '. 

T    ^AVERAGE w'kU'Jt        . M        I N4    •  tf 

Ü   -ANGULAR      VELOCITY        IM REV/'oEC 

R   _        J_ 5" I >c   5] x ZTT 
I'd   *    5 SO 

H.  P. =     ."7   O 
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tu 
-> 

Of 
01 
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7 
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< 
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U) 
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(J) 
< 

uJ    U 

APPKNDU   S 
POWER ANALYSIS 

X 

/* 
''ARAhCi C ijRVE 

/ 

/ 

3 
^d 

dx * 

i. 
OPE RAT ING ' ■ P E D 

A <   C E L   FkAT   Mb T O R Q U E       i S     THE TQRQUE        TO 

. CLLERA^E       IMP        DRUM        AND CAMS PLUS      THE 

AVERAGE        OS-ERATiM^       TORQUE.       PROM      ZERO 

R . P. M,       TO        OPERATING SPEED. 

AVE RAGE 
/ 1 d x 

_    i 

x 

^    = 
K X 

TAV - 
< X 
3 

ACCELERATING     TORQUE    =    I <X   +    -~ 

w  MERE: 

I    -MOMEKJT       OP      IMERTtA      OF     DRUM      AND      CAMS 

oc=ANGULAR       ACCELERATION 

T = OPE R AT! N G oequ 

-32- 
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POUn ANALYSIS 

D o 

k 

DRU M     AND      M A :  N     CAM EAk(rfED,AND      uJCK    CAMS 

iD -- m TT Q. v u2j   _ L   aj   j 

I D ^     2 O S 

x  -   MJ^Z 

WHERE; 

X~LEM&TH 

m- MASS      DBMS IT Y 

It  -   . 3C 

^T   ~    1- D    ■*•    I r_ 

.-r ~    • 5Gb 

Ta     =  T 
•a 

o° 
GJ      is    % EC SEC      = 2   S °/ S E C .es  IN  .5 SEC 

T«_ -   . 5 G 5(<-2.a-)+   LXl(li25) 

T'a = = ^a      M • "^     (F    IR.    \.2S     REV.       OR.     .5    SEc] 

H . P. =   .^7 
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STÜÄ5 ANALYSIS 

JO* \3 *= 

<•-  =*■ 

I I8ff 

PEED        b L ' ^ E 

SHEAR. IN      PiN 

-£ 
<= = a3Q x 1 

S = 24 JO       P. S. 

BEARI MG        IK1       HOLE 

5  =■     T 
p 

S - 
230 

.4- e<v* .zs 

S -   i 9GO     P. S. \. 

COMBINED BENÜIMG     AND      COMPRESSION      IN       LU6 

5    = 
MC P 

A 

S = 
c?3Qy.86ü».£6>*.ae> 2 3 Q x ■ 5 

4 8  x.5S 
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STRESS ANALYSIS - Continued 

PEMDING IN      I   E E D SLIDE        PLATE 

MC P 

r        — 

o 

a ?. 4 x. 5 x . o °> 4 * 1 ?- 4 2^4- 

OO     P. S. 1 

BE\DiMb       \ N BOITOM        LUGS 

M C 
s=    — 

S   =    >4  900   P. S. I. 

ShEAR     IN      FEED        HiDE      A T        POl MT     A ^Ok^i^s; 

T 

*   otcx. b; 
(    FROM SPOTTS      ^MACHINE      DGSlbN     j 

s_(lLl} 
2 3 ST > .3 > x     1881 

S5 *    e I, GOO     <=\ "5. t 
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STBSSS ANALYSIS - Continued 

COMBINED       BENDING      * N D      SHE A, k      A!      POINT      A 

BY     MOHR 5       URLLt 

ISS)MAX f- '   ^0J    +    7- *+-° 

S a =  c 3 ü O O    P.5.1. 

:> H EAR        STRESS FROM FEED       AkM       C O KJ T A 

P   \ 2 
•c    -     3.   9o(  -   ) 

>c       =     7 (a     SO  G P. S. 

S.    =  . 3 0 -V   Sc 

Sc =    2 3. 3 OO     P.S., 
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STEESS ANALYSIS -  Continued 

H t   N4 P INC.       c, r R i: -i f; 

M C        4P 

c r~ ~7 ooo   P.s. \ 

AM coi    L C V,   £ R. CONTACT 5tRE 

'-—« (i£f * 

-:-v- * ^ 7 oo o    P. s. i. 

S^ = .2 04   sc 

,,  =   41   GOO    R. S. I 
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STUSS AHALYSIS - Continued 

APWMDII C 

PEfcD        A R. M      AKiD       bEAR        ANALYSIS 

SHEAR STRESS        IN       FOLLOWER PIN 

.«OS 

S = c055     P. S . i . 

B E ARi r:G RE 5 5      I M       PIN     HOLE 

5=   £ 
A 

2 a^ 

S =   2O00     P. S . I. 

SHEAR,    STRESS     ^ N      SHAFT   PIN 

>A- E*£4 * 2.1  =   4 70 

M 470 ^ 
F - -  =    -g-   -  9<VO 

P 94-Q 
S ~   A   ""   .010% 

S - 50.000     P.S. I, 
39- 
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STRESS ANALYSIS - Co»Uou««J 

STRESS IN       CEA.R       KEY 

lit   -\R        AC R U S S k E >i W D~t  k4. 

\ 8 BO 
A .Ofoc'5 

3 0,00 0   P. S. i. 

CRUSH1 NS        OF      K. E Y 

A"       .031-75 

r    —        cr q ZQO        P. c- 

& E A R. TOOTH        BENDNG TREtS 

W P 

WHERE: 

Y  -  FORM      FACTOR 

W =  D Y N AM  iC TOOTH LOAD 

f - TOOTH      WIDTH 

P-DiAMETRM PlTCH 
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STMSg ANALYSIS -  Co«Uau#d AFPUIDU C 

s       5JL?. 
5   x    3 2 £ _ c 

5   *   "* I . I OO   P. S. I. 

5 I K. v L    <       POR      MMINCj       GEAR       lb      LARGER 

T- H F.      STEF.S5      WiiL      PA E     LOW E K 

oHLAR      STRESS     IN       -EtD       GEAR      P i N 

M      1.125   x   553    =62.-2 

F —-—     -   ' O 3 <a 
. w 

F 03i 

S=    3ö7400     P.S.l. 

bTR - 3 b _    ( N       FOLLOWER       A. R 

SHEAR      ST^ESS 

A 

s =     -S8Q 
• 07 

S=    ft,300P.S.| 
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STRESS ANALYSTS -  Continu««] 

AFPKKDIX C 

-, T v: t i      \l t~Q      _ '-*■   'A      r*.A <..r 

<i     / 

P 

1 
T 

♦ t 

r 

p       U. U   «: c 

Oi - .**- 

b H E A R.       A """ urt 

■s = 

s ~ 

p 
A 

P -3- 

TT(D^ d*) 

5 -     i,3 £TG      P» "$    i 

B E M L> I N-l C=»        A -T-      B A R. H. t= L. 

IM - 
4- Mß_ 

TT c e*- - r^) 

«-, + oo 
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ST&TSS ANALYSIS -  Continued 

KBAiSiNG     STRESS      nw PARREL      CAM 

roLLOwrv^      oueiuo    Pits hi G 

T  OK  ^Ufi       -   "7 0ET    U-*      W= 

p: 

•^ = 

X -7 0S 
1 ■ Z 

R 

A 

S^ O 

-   5S0 

2.5" 

r: - z., 3 co   F». s. 

A £>       STR.ES5        IM        SAR.«_E.U     wOOtC 

T.50*U~ 

7m A W i^ ^Ajg 
- A» . 2.7 

o **= 

s ~ — p 

S = 1 g S" o 
.IT 

- roco   P. s. \ 
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